1 



CTCCCTCC-^TCCACCCCCCACCGCCTCCGG^TCTCCAGCCGaCTCCCOaACaCCCTCCTGCCGGCGaCCCCCGGGCOCCTCC^G 90 

CCCCATTCCCAGCGTCCCCGACTGTGACCACTTGCTCAGTGTCCCTCT<ACCTCCCTCAGTTTCCCTCTCCCGGGCGATCGCGGGGCGAC 270 

|5ma I 

ACCAACTTCCCCGCCTGAGCCCCCGCTTCCTCCGAGCCTCGCACC 360 



CCTCTCTGGTTTCCTGGCGCCCATTTCACCGCTGTCATTCTGCTG 
C S L 



YSVRAFHGCOSAEGLPRVSPRFLRAVH 



Smal 

— «~ 450 



CCCCTCCCGTCTCACCCAGCATGCCAACCACCCCCTG^ 
PPPV 3ARMPTRR V t A P CTOCtTKCEHTRPKP 



jStu , j<pnl 

500 Cijl J> 



sUgagctcgccttccgcaacggccacctgctcaccatcctggaggcctccgagaacaacagctggtaccccg^aagcaccacaka^ 

:7 E L A P R IC C D V V T 1 L E A C E N K S W T R V K W H T 8- 

I Fvu II 



CCCTCTCCGCAGACCCCAAGCTCAGCCTCATGCCGTGGTTCCAtG 030 
C Q E G L L A A C A L R E R E A c L,3 AOPKLSLM P jW^F H 



CACAG 



GACCCGCTCCTGGCAGCTGGCGCCCTGCGGGAGCCGGAGGC 



^YU II |Pst 1 

K 1 S G Q E A V 0 Q L Q P P e 0 G L F L V R E S A R H P C <^ 



! CGAAGATCTCCCGCCAGGAGCCTCTCCAGCAGCTGCAGCCTCCCGAGGATGCCCTGTTCCTCCTCCGGGACTCCGCGCGCCACCCC6GCC 720 



Pal 

s 

CGTGCTGCACCGCGACGGCCACCTCACAATCCATGAGGCCCTGT 8 tO 
1_ C V 3 T GRDVIHYRVLHROCHLTIDEAV. 



ACTACCTCCTCTGCCTCACCTTTCCCCGCGACGTCATCCACTACCG 
D Y V 



TCTTCTGCAACCTCATGGACATCGTGGAGCATTACAGCAAGGACAAGGGCGCTATCTGCACCAAGCTGCTGA6ACCAAAGCGGAAACACG 900 
FFCMLWOHVE H^ T( SKOKGAICTKLVRPKR.KH 

Pat I 

CCACCAACTCGGCCCACCAGGAGCTGCCCAGGGCCCCCTGGTTACTCAACCTGCAGCATTTCACATTCCGACCACACATCGGAGAGGCAG 990 
C T K S A E E E L A R A G V L L M L ,0 H L T L G A Q I C E C 



AGTTTGGAGCTCTCCTCCACGGTCAGTACqTGGGGCAAAAGGTGGCCeTCAACAATATCAAGTCTGATGTGACACCCCAGGCCTTCCTCG 1080 
EFOAVLQPETLOOKVAVKM IKCOVTAQAF L -J~^ 

ACGAGACOCCCGTCATCACCAACATCCAACACGAGAACCTGGTGCGTCTCCTGGCCGTGATCCTCCACCAGCCacTCTACATTCTCATGG 1 170 
DETAVHTKMOHENLVRLLCVILH OCLTtVM 

/Smal p t! 
AGCACGTGAGCAAGGGCAACCTGGTGAACTTTCTGCGGACCCGGCGTCGAGCCCTCCTCAACACCCCTCAGCTCCT6CAGTTTTCTCTGC 1260 
E H V S K G NLVHFLRTRGR AlV NTAqLLQF3L _ 
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HinO III 

ACCTCCCCCACGCCATCGAGTACCTCGACAGCAACAACCTTGTGCACCCCGACCTGGCCCCCCCCAACATCCTCGTCTCACACGACCTCG 1350 
HVAECnEYLESlCKLVHRDLAARNCLVSEDL 

TCCCCAAGGTCAGCGACTTTGCCCTGGCCAAAGCCGAGCCGAAGGGCCTAGACTCAAGCCCGCTCCCCCTCAAGTCGACGCCCCCCCACG 1<H0 
VAKVSDFGLAICAERKCXDSSRI-PVICVTAPC 

Nciel 

\ 

CTCTCAAACACCGGAACTTCACCAGCAAGTCGCATCTCTCCAGTTTTGCGCTGCTGCTCTCGCACGTCTTCTCATATGGACCCGCTCCCT 1630 
ALKHGKFTSKSDVVSFCVLLVEVFSYCRAF 

Kpnl 

ACCCTAAAATCTCACTCAAACAGGTGTCGGAGCCCGTCGACAAGCGCTACGCCATCGAACCCCCCCAGGCCTGTCCAGGCCCCGTGCACC 1620 
YFKMSLtCEVSCAVgKCrRflEPFEGCPCPVH 

□ fvull ( f™ 31 

TKTCATGACCACCTGCTCGGACGCAGACCCCGCCCGCCGGCCACCCTTCCGCAAACTGGCCGAGAACCTCCCCCGGCACCTACCCAGTC 1710 
t"tM3SCVEAe PlARRPPFRKLAEK t!ARELRS. 

— 1 » a n*vr*- — ^ _ 

^CGTGCCCCAGCCTCCGTCTCAGCGCAGGACGCCCACCCCTCCACCTCGCCCCGAAGC^ 1800 
J;fCAPAS YSGGDADC3T SP RS0EP. * 

IrCGCCCCAGAGGACCCAGACAGTCCAGACTCCGGCGTGGGGCCACTGACCAGGCCCAAGGAGGGTCCAGGCGCGCAAGTCATCCTCCTCG 1890 
^CCCACACCAGCCCCTGGCCCACCTAGGGGGCTCTGGGCGGCCCCTGGACACCCCAGACCTCCGAAGCATGATCGCCCCATAAACACGG 1980 
^TCTAACGACTCTAAAAAA 2000 
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CCGCTTTTTGCTTAGAGCTTGAGAGTCAAM 



.GGACCCACATGTATACTTCGGCTCT AGCGAGT 



• 



TCATAATATGGATACA 90 
M D T 



AAATCTATTCTAGAAGAACTTCTTCTCAAAAGATCACAGCAAAAGAAGAAAATGTCACCAAATAATTACAAAGAACGGCTTTTTGTTTTG 180 
KSlLCCLLLKRSQQKKKnSPN |N Y K E R L F V L 

ACCAAAACAAACCTTTCCTACTATGAATATGACAAAATGAAAAGGGGCAGCAGAAAAGGATCCATTGAAATTAAGAAAATCAGATGTGTG 270 
TKTNLSYYEYOKHKRGSRKCS I E IKK I RCV 

CACAAACTAAATCTCGAGGAGCAGACGCCTGTAGAGAGACAGTACCCATTTCAGATTGTCTATAAAGATGGGCTTCTCTATGTCTATGCA 360 O 
EKVWLEEQTP.VERQY PFQ I VYKDGLLY VY A 

TCAAATCAAGAGAGCCGAAGTCAGTGGTTGAAAGCATTACAAAAAGAGATAAGGGGTAACCCCCACCTGCTGGTCAAGTACCATAGTGGG 450 
SNEESRSOWLKALQ KE I RGNPHLLVKYHS G 

TTCTTCGTGGACGGGAAGTTCCTGTGTTGCCAGCAGAGCTGTAAAGCAGCCCCAGGATGTACCCTCTGGGAAGCATATGCTAATCTGCAT 540 
FFVOGKFLCCQQSCKAAPGCTLVEAYA NL r H 

ACTCCAGTCAATGAAGAGAAACACAGAGTTCCCACCTTCCCAGACAGAGTGCTGAAGATACCTCGGGCAGTTCCTGTTCTCAAAATGGAT 630 
T AVNE EKHRVPTFPORj VLKtPRAVPVLKfl O 

GCACCATCTTCAAGTACCACTCTAGCCCAATATGACAACGAATCAAAGAAAAACTATGGCTCCCAGCCACCATCTTCAAGTACCAGTCTA 720 
Ayf S S S T T L jAQYONES KKNYGSQPPSSST SL < - 

CCGckATATGACAGCAACTCAAAGAAAATCTATGGCTCCCAGCCAAACTTCAACATGCAGTATATTCCAAGGGAAGACTTCCCTGACTGG 810 
A I jD Y. 0 S N S K K IYGSQP NFNhQYj IPREOFPDW 

tgcSSaagtmgaaaactgaaaagtagcagcagcagtgaagatgttgcaagcagtaaccaaaaagaaagaaatgtgaatcaca 900 
vrk l kssssseovassngkernvnhtts 

aagatttcatgggaattccctgagtcaagttcatctgaagaagaggaaaacctggatgattatgactggtttgctggtaacatctccaga 990 

Kfjl SWEFPESSSSE EEENLOOY O jWFAGNISR 

TcIqAATCTGAACAGTTACTCAGACAAAAGGGAAAAGAAGGAGCATTTATGGTTAGAAATTCGAGCCAAGTGGGAATGTACACAGTGTCC 1080 
5^0 SEQ L L RQ KG K£ G A F M V R N S S Q VG MY TV S 

TTktTTAGTAAGGCTGTGAATGATAAAAAAGGAACTGTCAAACATTACCACGTGCATACAAATGCTGAGAACAAATTATACCTGGCAGAA 1170 
LFSKAVNOK KGTVKHYHVHTNAENKLYLAE 

AACTACTGTTTTGATTCCATTCCAAAGCTTATTCATTATCATCAACACAATTCAGCAGGCATGATCACACGGCTCCGCCACCCTGTGTCA 1260 
WYCFOS I PKL I H ^ Y H Q H N S A G « I T R L R H P Y S 

ACAAAGGCCAACAAGGTCCCCGACTCTGTGTCCCTGGGAAATGGAATCTGGGAACTGAAAAGAGAAGAGATTACCTTGTTGAAGGAGCTG 1350 
TKANKVPDSYSLGNG I WELKREE ITLLKEL 

• GGAAGTGGCCAGTTTGGAGTGGTCCAGCTGGGCAAGTGGAAGGGGCAGTATGATGTTGCTGTTAAGATGATCAAGGAGGGCTCCATGTCA 1440 
|CSGQFG VVQLGKVKG QYDVAVKM IKEGSHS 

GAAGATGAATTCTTTCAGGAGGCCCAGACTATGATGAAACTCAGCCATCCCAAGCTGGTTAAATTCTATGGAGTGTGTTCAAAGGAATAC 1530 
EOEFFQEAQTflHKLSHPKLVKF YGVCSKEY 

CCCATATACATAGTGACTGAATATATAAGCAATGGCTGCTTGCTGAATTACCTGAGGAGTCACGGAAAAGGACTTGAACCTTCCCAGCTC 1620 
P IY I VTEY I SNGCLLNYLRSHGKGLE PSQL 

TTAGAAATGTGCTACGATGTCTGTGAAGGCATGGCCTTCTTGGAGAGTCACCAATTCATACACCGGGACTTGGCTGCTCGTAACTGCTTG 1710 
LEHCYDVCE GtlAFLE SHQF I HRDLAARNCL 

GTGGACAGAGATCTCTGTGTGAAAGTATCTGACTTTGGAATGACAAGGTATGTTCTTGATGACCAGTATGTCAGTTCAGTCGGAACAAAG 1800 
V 0 R 0 L C V K V S 0 F G tt T RYVLOOQYVSSVGTK 
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T^CCAGTCAAGTGGTCAGCTCCAGAGGTGTTTCATTACTTCAAATACACCAGCAAGTCAGACGTATGGGCATTTGGGATCCTGATGTGG 1890 
FPVKWSAPEVFHYFKYSS KSDVWAFG1LHW 

GACGTGTTCAGCCTGGGGAAGCAGCCCTATGACTTGTATGACAACTCCCAGGTGGTTCTGAAGGTCTCCCAGGGCCACAGGCTTTACCGG 1980 
EVFSLGKQPYOLYDNSOVVLKVSQG HRLYR 

CCCCACCTGGCATCGGACACCATCTACCAGATCATGTACAGCTGCTGGCACGAGCTTCCAGAAAAGCGTCCCACATTTCAGCAACTCCTG 2070 
PHLASDT IYOI HYSCWHELP EKRPTFjO Q L L 

TCTTCCATTGAACCACTTCGGGAAAAAGACAAGCATTGAAGAAGAAATTAGGAGTGCTGATAAGAATGAATATAGATGCTGGCCAGCATT 2160 
SS I EPLREKDKH. 

TTCATTCATTTTAAGGAAAGTAGCAAGGCATAATGTAATTTAGCTAGTTTTTAATAGTGTTCTCTGTATTGTCTATTATTTAGAAATGAA 2250 

CAAGGCAGGAAACAAAAGATTCCCTTGAAATTTAGGTCAAATTAGTAATTTTGTTTATGCTGCCCCTGATATAACACTTTCCAGCCTATA 2340 
GCAGAAGCACATTTTCAGACTGCAATATAGAGACTGTGTTCATGTGTAAAGACTGAGCAGAACTGAAAAATTACTTATTGGATATTCATT 2130 
CTTTTCTTTATATTGTCATTGTCACAACAATTAAATATACTACCAAGTACAAAAAAAAAAAAAAAAAAAA 2500 
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AAAACACACCTTCCTAGTGAGCAGCTGCCCAGCTCCTGCTCAGTTTTGCCTCGGGCTAGCACCTCCACCCACACAAAGCAACCCCGTAAG 180 
jqjCTCCAGGTAGGACTTGCTGCAACCCAGCTCCTGGACTCATCTCAAACGGGACTTTGCATACTCTCCGAAGTATGGTGAGTTG^GTGCT 270 

Q^g>|^CAAACTTGCCTGGTGAAGGAAGATAAGCTCGATCGCAGAGACTAAG6GGAGACGGACAAGCCCTGCTCCTCTTCTCCCCACCAAG 360 
IEHPCALCSPOSQRHGHYF V \ A 



900 
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CATTTGACACACTGCCTTGGAAACTTGAAGACTAn 1890 
_T F_J ETLRWKLeOTFETDSSrSOANNFlR. 

ACAAGAATATCAAATAATAAAGTAGCAAAACAAATTCAAATAATCCATTCCAAAATACAATGTTATCAACCAACTCCACAATCAGTTTAT I960 

CCTCACATATTCAAGTGATAGGATAAAGTTGGCCATGTATTATGAAAAAGATTATTTGTGCATTTTATTGACTCGGCAACACTGCAGGAC 2070 

ACTCAAGGTCATATATAATTGCTCACTGCCTGGAAAATTAAGCACACTAAACCAAGTTATTTTTCTTTTTAAGAGATACTTACATTTCCA 2160 

TTTATTGTTTGAAATGTCGCCATCAAGAGAATCAACAGATGATAGTCCAATTTTTACTCACTCATGACTGTGTAGCATTTT6CTCTTTAC 2250 

i 

TCATTACACTCGTTATTCATTATTCCTCAGATTCCTCAATCCCATCAGGCTCTTATTATCAAGCAATTTCATTGCTTTCCTGCACAGCAC 2340 
GACCTCTCCTTTCAGATTTTTTTTTCTCTTTTAAAATATCCTGT 2430 

CACTAATTCCACATTTTTTTCTATGCATMAAAAATGATGCACCTGTTCAGAAAACGAAGTCTTTTTCATTTTGCAGAA6GAAATCAT 2520 
AATTTTTCTGTACTTCAGTATGTGTCAACTCAGACTCATATACATTAGTTTTAATCTCTTAATATTGAGAATCAGGTTGCAAAACGGATC 2610 
ACTTATTATCTATGCAAATGTGAGAAArGTCTAATAGCCCATAAAGTCTGAGAAATACCTATCAAAATAGTTTAGGAAAATGAGACGAGA 27C0 
A«GTAGGATTGCTCTGGCCTAGACTTCTGAGTAATTAATAAACAAAAAGAAGTACCAAAAAAAAAAAAA 2770 

zA 'i 
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Expression of MKK1 and MKK2 



Human 
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B-cell 

T-cell 
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MKK1 MKK2 
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Raji 
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Molt-3 
Jurkat 

Hela 



BM + +++ 
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Liver 

Brain + 

P19 + 
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Antisense MKK1 Expression Suppresses AChE Production 
In Primary Murine Bone Marrow Cultures 
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MKK2 AND MKK3 AUTOPHOSPHORYLATE 
TRANSPHOSPHORYLATE PROTEINS WHEN EXPRESSED IN BACTERIA 




FIGURE ~7 




FIGURE 8 



(JH0559) 



1 Im A r, R G S L V S W R AFHGCDSAEELP RVSPRFLI MKKl. 

1 luls A I Q A A hCSK 
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8 _ - - [w|T^lG_jrlElc_^[AlKj Y N F H hCSK (JH0559) 
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FIGURE 12 



Growth Factor Response of 
MKK-1 Expressing L-8057 Cells 
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